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Introduction: In published series with satisfactory follow-up incisional hernia rates following laparotomy
vary between 4 and 18%, with up to 75% developing within two years of operation. This therefore
represents the commonest complication following open abdominal surgery and a substantial added
workload for the colorectal/general surgeon.
Aim: To prospectively review incisional hernia rates in patients undergoing laparoscopic colorectal
resection in a single centre.
Methods: All laparoscopic wounds were closed in identical fashion to open closure technique, utilising
0-monoﬁlament, polyglyconate and a mass closure technique, followed by a subcuticular, polyglactin-910
suture for skin closure. All patients were subsequently examined in an outpatient setting by a senior
surgeon independent to the original procedure.
Results: 167 consecutive patients undergoing laparoscopic colorectal resections (94M:73F; median age 68
years) were included. Median incision length for specimen extraction was 6 cm (range 3e11 cm) and
patients were followed-up for a median of 36 months (range 24e77 months). Twelve (7%) patients
developed an incisional hernia (ten in specimen extraction wounds and two in port-site wounds), ten of
whom underwent successful laparoscopic repairs. Of the remaining patients, one remains symptomatic
and awaits repair, and one is asymptomatic and unﬁt for surgery.
Conclusions: The well-documented advantages of laparoscopic surgery include reduced hospital stay,
early return to activity, decreased analgesic requirements and improved cosmesis. However, the results
of this study suggest that incisional hernia rates are not decreased by laparoscopic surgery, although the
hernias may be smaller and more amenable to repair by laparoscopic approaches.
 2010 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
The development of incisional hernias represents one of the
commonest late complications followingopenabdominal surgery.1,2
Literature searches reveal post-laparotomy incisional hernia rates of
4e18%, in series with follow-up of 1e5 years1,3e5; with over 75% of
these occurring within two years of the initial surgery.1,5
Following laparoscopic resection, hernias may develop in the
port-sites or the specimen removal site,6 althoughport-site incisional
hernias, in particular, appear to have an extremely low incidence
(0.000021% of 4,385,000 laparoscopic gynaecological procedures).7,8
Various factors contribute to the development of incisional
hernias in an additive fashion, including increasing age and male
gender1; undergoing emergency surgery; the presence of raised
Body Mass Index or obesity; administration of systemicorth).
ciates Ltd. Published by Elsevier Ltcorticosteroids; a history of smoking, anaemia, prostate hyper-
trophy or chronic obstructive pulmonary disease; and signiﬁcant
post-operative wound problems or infection.1,3,5,9e12
Incisional hernias, although often asymptomatic and rarely
leading to obstruction or strangulation, can remain troublesome
and unsightly to patients, thus representing a signiﬁcant burden
upon healthcare resources, such as radiological imaging, outpatient
review and surgical correction, exacerbated by a high post-opera-
tive recurrence rate (20e46%).13e15
Transverse rather than vertical incisions16,17 and the use of
monoﬁlament, slowly-absorbable or non-absorbable, continuous
sutures during abdominal fascial closure have been associated with
a decreased development of incisional hernias.18e20 However, the
results of randomized trials utilising various mesh products in
obese patients, who are at high-risk of incisional hernias, have been
inconclusive, with one study suggesting that polypropylenemeshes
may assist in the prevention of incisional hernia development,21,22
and another reporting no signiﬁcant beneﬁcial effect following use
of a polyglactin mesh.23,24d. All rights reserved.
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compared incisional hernia rates following laparoscopic and open
procedures have comprised small, heterogeneous patient groups,
surveilled for only limited periods of time. Therefore, although
intuition may suggest that smaller wounds will lead to decreased
rates of incisional hernia, the impact of laparoscopic techniques
remains unclear.0
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Fig. 1. The various laparoscopic procedures performed on this cohort of 167 patients.2. Materials and methods
One hundred and sixty-seven consecutive, non-selected
patients undergoing laparoscopic colorectal resections in a single
centre were prospectively identiﬁed and assessed. Data were
prospectively entered into a relational database and retrospectively
analysed.
All laparoscopic wounds were created under direct vision and
ports inserted comprised a combination of bladeless 12mm,10mm
and 5 mm ports, depending on the speciﬁc procedure. All laparo-
scopic wounds were closed by a single senior registrar or consul-
tant, via a pre-established protocol, incorporating identical closure
technique to open wounds.
Specimen extraction wounds were closed via a mass closure
technique with a 0-monoﬁlament, polyglyconate (Maxon, Syneture)
suture and a subcuticular, polyglactin-910 (Vicryl, Ethicon) suture
utilized for skin closure. All laparoscopic extraction sites were
midline, through vertical, umbilical incisions, regardless of the
speciﬁc procedure.
During the follow-up period, all patients were examined in an
outpatient setting by a senior surgeon (Associate Specialist) inde-
pendent to, and with no vested interest in, the original operative
procedure. Imaging techniques were not used to identify occult
hernias as these were considered to not be clinically relevant.3. Results
167 consecutive, non-selected patients undergoing completed
laparoscopic colorectal resections for a combination of malignant
and benign disease were prospectively recruited. 94 (56%) patients
were male and median patient age was 68 years (range 20e91
years). Operative procedures performed included 62 right hemi-
colectomies (38 for cancer and 24 for Crohn’s disease), 102 left-
sided and rectal resections (90 for cancer and 12 for diverticular
disease) and three subtotal colectomies (one for slow transit con-
stipation and two for failed medical management of ulcerative
colitis) (see Fig. 1).
Incisions for specimen extraction varied in length from 3 to
11 cmwith a median of 6 cm. Patients were followed-up for 24e77
months, with a median follow-up of 36 months. During the follow-
up period, 12 (7%) patients developed clinically detectable inci-
sional hernias, none of which were associated with known risk
factors for incisional hernia development, such as obesity or post-
operative wound infection; and none of which presented as an
emergency. Ten (83%) hernias were diagnosed in specimen
extraction wounds, although the length of wound bore no corre-
lation to hernia development. Two (17%) hernias developed in
12 mm port-site wounds.
Ten incisional hernias, includingbothof theport-site hernias,have
been subsequently successfully repaired laparoscopically, utilising
the self-centring suture technique25 and a PROCEED mesh patch
(Ethicon, Edinburgh,UK)of sufﬁcient size toprovidedefectoverlapby
at least 3 cm on all sides and ﬁxed in place by an Origintacker (Tyco
Healthcare UK, Gosport, UK). A laparoscopic technique was used in
bothport-site hernia repairsdue topatient preference inone caseand
simultaneous cholecystectomy in the other. The extraction sitehernias were repaired laparoscopically as this approach offers a safe,
cost-effective day case repair, which provides good results.26
At the time of writing, one of the two non-repaired hernia
patients is symptomatic and is awaiting surgical correction of his
hernia, whereas the remaining patient is asymptomatic and has
been assessed as unﬁt for surgery.
4. Discussion
Laparoscopic access techniques have progressively increased in
popularity since their introduction approximately 10e15 years ago.
Well-established beneﬁts of this approach in colorectal surgery
include early return to normal activity and improved cosmesis
associated with reductions in hospital stay, perioperative morbidity
and mortality, analgesia requirements and overall complica-
tions27,28; with no alteration in the effectiveness of oncological
clearance.27e30
In this study, post-operative incisional hernias were clinically
detectable in 12 (7%) patients following a median follow-up of 36
months, representing a similar rate to open surgery, which is
associated with the development of post-operative incisional
hernias in 4e18% of patients followed for comparable periods of
time.1,3e5
However, other authors investigating incisional hernia rates
following laparoscopic surgery have reported varied results.
Regadas et al.31 reported four (4.34%) incisional hernias from
a series of 92 laparoscopic colorectal resections (the majority of
which were for malignant disease) performed between 1991 and
1996; whereas, Lumley et al.32 detected only one (0.55%) incisional
hernia from 181 potentially curative laparoscopic resections in
selected patients, over a median follow-up of 71 months (range
7e108 months). However, neither of these studies was designed
with a primary endpoint focussed upon the detection of post-
operative incisional hernia and it is therefore possible that some
hernias remained undiscovered.
Stocchi et al.33 followed-up 56 Crohn’s disease patients that
had undergone laparoscopic or open ileocolectomy for a mean of
10.5 years to demonstrate post-operative incisional hernia rates of
4% in the laparoscopic group and 14% in the open group. Although,
these results were statistically insigniﬁcant (p ¼ 0.61), probably
due to insufﬁcient numbers, the trend appears to be supported by
other authors, such as Duepree et al.,34 who retrospectively
J.R.A. Skipworth et al. / International Journal of Surgery 8 (2010) 470e473472compared patients undergoing laparoscopic-assisted bowel
resection (n-211) and open bowel procedures (n ¼ 505) between
1995 and 2000, to reveal a signiﬁcantly increased incidence of
incisional hernia in the open group (12.9% vs. 2.4%, p ¼ 0.00002).
The authors concluded that laparoscopic techniques signiﬁcantly
reduce the incidence of ventral hernia, and that the hernia rate
could have been lowered to 0.4% if all patients had undergone
trocar site closure according to their current practice. However,
criticisms of the study, including limited follow-up periods (mean
2.71 years for Lap-assisted and 2.42 years for Open); a heteroge-
neous mix of surgical procedures that also included some small
bowel resections; and the fact that the higher incidence of inci-
sional hernia could be attributable to the almost universal utili-
zation of midline rather than transverse, lateral or paramedian
incisions that may assist in decreasing the incidence of incisional
hernia,35,36 have been presented.
Andersen et al.37 assessed all patients undergoing laparoscopic
sigmoid resection between 1995 and 2004 in Eastern Denmark
and matched them with a cohort of patients undergoing open
resection in the same colorectal department over the same period
(median follow-up 4.6 years Lap and 4.9 years Open). Patients
were initially evaluated by questionnaire and all patients sus-
pected of having incisional hernias further assessed by a consul-
tant colorectal surgeon. Incisional hernias were observed in 2
(3.4%) laparoscopic patients and 21 (14.7%) laparotomy patients
(p ¼ 0.026) and the authors concluded that laparoscopic resection
leads to signiﬁcantly decreased rates of incisional hernia
compared to open techniques.
Ihedioha et al.38 however, compared 32 laparoscopic-assisted
and 63 open colorectal resections and Hartmann’s reversals to
illustrate that, following a median of 22 months follow-up, there
was no identiﬁable difference in incisional hernia rates (3 Lap vs.
10 Open, p ¼ 0.52). Although the authors accept that this patient
cohort represents a selected group of patients, they point out that
any potential bias would most likely beneﬁt the laparoscopic
group. They therefore concluded that the use of laparoscopic
techniques does not appear to signiﬁcantly affect the rate of
incisional hernia development. However, no standardized tech-
nique for wound closure was utilized (both nylon and poly-
dioxanone used) and the article made no mention of the grade of
surgeon closing the wound. Further, the mean incision length
was 9 cm (IQR 8e11 cm) and therefore signiﬁcantly longer than
the 6 cm median length of incision (range 3e11 cm) presented in
this article.
All meta-analyses to date have revealed no signiﬁcant differ-
ence in incisional hernia rates between open and laparoscopic
groups despite systematic reviews of large, randomized
controlled trials of laparoscopic resection for colorectal mali-
gnancy demonstrating a signiﬁcantly decreased number of early
wound complications (including dehiscence).27 Kuhry et al.29,39
performed a meta-analysis of 12 randomized clinical trials
incorporating 3346 patients, to reveal no signiﬁcant difference in
the occurrence of incisional hernia (7.9% Lap vs. 10.9% Open,
p ¼ 0.32) or reoperation for incisional hernia, between the two
groups; and Lourenco et al.40 demonstrated a post-operative
incisional hernia rate of 7% (17/249) in laparoscopic patients and
5% (13/243) in open patients, although only 2 out of 19 trials
included gave data on incisional hernia development and
patients were only followed-up for 2.5 years in one study and 4.2
years in the other.
Therefore, the patient numbers in series to date remain limited
and the contrasting results highlight the need for further inves-
tigation. Conﬁrmation of incisional hernia rates following laparo-
scopic resection would be best achieved through long-term
follow-up, rather than randomized controlled trials with thedevelopment of incisional hernias as the primary outcome
measure, as the proven beneﬁts of laparoscopic surgery may
preclude the ethical randomization of patients to open procedures
during such trials.
Further, the use of targeted open incisions may form a superior
comparison for laparoscopic techniques, as evidence exists that
these may be followed by a decreased rate of incisional hernia.16
5. Conclusions
The development of incisional hernias leads to morbidity,
reduced quality of life and high socioeconomic costs. The results of
this study suggest that laparoscopic colorectal techniques do not
lead to a signiﬁcant reduction in the incidence of incisional hernias,
when compared to open procedures. A potential advantage lies in
the limited incision size which may lead to the development of
small calibre incisional hernias that are amenable for laparoscopic
repair and the incumbent beneﬁts that this technique confers.
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